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of the Invention The invention relates to a tenperature sensitive mcelle
system Mbre particularly, it relates to a tenperature sensit| i
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by receptors on healthy cells, thus making their effects non-specific. Polymeric micelles

offer a better alternative to these methods.

30 Some research has been conducted into polymeric micelles in order to attempt to
achieve longer circulation in the blood stream and to inhibit the above mentioned
scavenging by the reticuloendothelial system.

AB-type block copolymers having both hydrophilic and hydrophobic segments are
known to form micellar structures in aqueous media due to their amphiphilic character.

35  Highly hydrated outer shells of the polymeric micelles can inhibit intermicellar
aggregation of their hydrohobic inner cores. As a result, the polymeric micelles are able



AB - type bl ock copol yners of PNl PAAm and a hydrophobi c segnent exhi bit
thernots responsive water solubility and can formmcellar structures
conposed of hydrophilic mcro donmains of sol uble PN PAAm segnents toget her
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segnments in aqueous sol ution below the LCST. The hydrophobic inner core of
the micelle may contain a drug (e.g. a hydrophobic drug), while the PNl PAAM
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pH. Because of their distinct advantages mentioned above, polymeric micelles are an

ideal carrier for hydrophobic drugs or genes.

It is known that PNIPAAm in aqueous solution exhibits a reversible thermo-responsive

phase transition at about 32°C, and therefore this is the LCST of this polymer. As noted
35 above, the polymer is water soluble and hydrophilic below its LCST and undergoes a

phase transition to an insoluble and hydrophobic aggregate above the LCST. The



25 woul d aggregate (and drug nol ecul es woul d be rel eased) after injection
into the body because the shell of mcelles is water-insoluble at
tenperatures higher than the LCST. Thus, the shell of the mcelles becones
hydr ophobi ¢ and drug nol ecul es are rel eased out because of the

de-associ ation of micelles when the |ocal tenperature is increased slightly
(hi gher than body tenperature). 3o The abbve LCST val ues are higher than
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one parti cubeme eabiedpotpmeric systerdal Thesethigmer ECST temperahees adsult in the micelles
having greater stability in the blood system of a patient. This greater stability improves

the delayed release capabilities of the micelle system which, in turn, improves the
desired targeting of the relevant drug.



of nis4. Typically the mcelles are capable of undergoing a phase transition
at a lower critical solution tenperature ("LCST") in the range of from
about 32C to about 50C, and preferably from 37C to 45C. to The above
mcelle systemgenerally has a critical mcelle concentration (CMC) in the
range of from4 ng/L to 200 ng/L. This low CMC i ndicates that the systemis
hi ghly stable in aqueous nedia. In a further enbodi ment of this invention,
the polyneric mcelle systemfurther conprises a hydrophopi ¢ substance
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The cholesteryl moiety may be cholesterol or a cholesterol derivative. In this

embodiment, the cholesteryl moiety and the temperature-sensitive block are linked by a

carbonate bond. Such a carbonate bond is potentially hydrolytically labile which helps

30 make these copolymers biodegradable in aqueous media.
In one preferred embodiment of the invention, the block copolymer is cholesteryl-

terminated poly(N-isopropylacrylamide-co-N,N-dimethylacrylamide), having the formula:



25 The above nmethod may further include a precipitation step to precipitate
the bl ock copolyners fromthe reaction m xture. The precipitation may be
effected by adding diethyl ether to the reaction m xture. The above net hod
may further include a purification step wherein the precipitated products
are purified by ultra-filtration using a filtration nenbrane. This
filtration menbrane typically has a mol edul ar wei ght cut-off of 30 about
2000. In a preferred enbodi nent of this nethod, about 1 gram of

hydr oxyl -t er mi nated P(NI PAAm co- DMAAmM , about 0.5 grans of chol esteryl -
chl orof ormate and about 0.1 gramof triethylam ne are dissolved in 30 ms
CaH2 - dried dichloronmethane. The precursor polyners used in step (a) of

t he above nethod nay be synthesised by 35 radical copol ynerisation of

N-i sopropyl acryl am de and N, N-di net hyl acyl am de 7 nononers, in the
presence of an initiator and aHchain transfer agent. A“Ed?ferred initiator

i s benzoyl peroxide. A preferprg . RS fcH CH ,CH
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pol ynmers; and (b) reactl ng the precursor polynmers with chol esteryl

chl oroformate. The reaction of step (b) is generally an esterification
reaction as described above. This 1o reaction may be catal ysed using
triethylam ne. The precursor polynmers and the chol esteryl chlorofornate
(and any cawheredt thegatio gfrmetaen ifoh yhaliagge ol #@0:i to 41861 vent, such as
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concent n@t i Ohe abdvelnidelisi Sslstéﬁﬂbémellyt Basia hiritival rhibelles adreepUatRPSEMEPHiIn the
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20 remedies and anti-fungal remedies.

In one preferred embodiment, the drug is an anti-cancer drug selected from the group

consisting of paclitaxel, doxorubicin, teniposide, etoposide, daunomycin, methotrexate,

mitomycin C, indomethacin, ibuprofen, cyclopsorin, biphenyl dimethyl dicarboxylate,

triamcinolone acetonide, betamethasone, amphotheracin B, ketoconazole, itranazole,

25  daunorubicin, griseofluvin, foropyrimidine, lidocaine, epirubicin, vincristine, vinblastine,
ellipticine, camptothecin, docetaxol, cisplatin, prednisone, and methyl-prednisone.



8 about 70-110 nmfor the high Mv polynmer. The nol ecul ar wei ght of the

pol yner affects mcelle size and the preferred pol yner concentrati on may
vary for polymers with different nol ecul ar weights. Were the initial
concentration of the block copolynmers in DMF is about 0.1 % by weight, 5
the mcelles formed tend to be substantially spherical having a size in the
range of about 30-50 nmfor the low Mv pd ymer. Wiere the initial

concent r at i eartielilatifie phdferedd camtiotanaer sdriugs Diiciide alyologpokin2 %8 bypaskitagdlt ,antihe
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steps: 15 (8sWseBple; AeniYgaled \ieards and: 1seftofelishe Tg]%o er@%%yﬁ%W§ePnthﬂW;
(b) adding aorgugenéa liyariels ainb@arg¥OEsHB WU prokiatd aaibent 6F thEenigiletotie Ssdcifici on
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coul d, howeyer, be inplenented after the formation o icelles, byt this
w11 ot gelibrasther sRet S BrSloBateES i B9 RRE ot O Prerang: B clPdkoul o
be very | owcogdigméraiels€riiedibov®ifliwhichihie redre hyafphilit segrientas PDMMAGI, wamr
concentration and dial ysis nbyrane can be varied to optim se drug

encapsul at i Hwtmqqﬂmpfﬁﬁ‘@ the @pw@g_steﬁ: The dialysis step is preferably

ef fect ed by (ayenbepiBediing ¥ sinydioxygrmaingieal y Spaly(NEigbropRacriigide-ceNe cap use
a dialysis menbrgne w th various nol ecul ar wei ght cut offs. Good drug
encapsul ati on ef PIM§tRYRGYENIEe)PrECHTSNR $i@¥%g a dialysis membrane having
a nol ecub ar (yyei ghdacting trefgre@irscrtpolimetd Aith chbliestedlil shiy@fcrmagabr ane i s

typically a djalysis b n he | oaded pol yner solution i s placed in the
di al ysi s bad. 'STﬁ%‘?%ma'F&gi @'ag8t"t%g"'}‘?g%f?%' ForfiRRUngs éaﬁ afESnAtvED g0 rolestery
de-i oni sed vhbforniaydiocoald alsd o usgel. t o 8 hours) with the water being

repl aced abﬂ‘Ht eve{'.rﬁcogo r. (?ne can "chan%§ tfheﬁe congi ti\@n‘g} xéet @ti | )

achi eve hi gH"a8r&gcte p?ienﬂ ()i 13 AVRiFalY AN RRIGTITIoRAQN fraglign iy BrcatalysadBy &) | y
carri ed out saitable toatghst.aTHe ecdtalysthmayapgeriethylabing. Brefdrablg, tiesnesteificatonof
just bel ow the, LCST. Aqﬁ(réﬁffrred tengqe}'rature is about 10C. 35 The

hydr ophdi c "eafeR B2y af PThEMPSRM €encapsul ati on nethod is preferably
a drug sel eThedbbremeddion ¢ pryferablysaffecteagbiotiisasiting dian cholestetyy shloroformate,
ool EBRNO” oo PR o SRR AL, oORRE, BB e haneo

di gesti ve didialsemetbams)i to Formi agpactmhanixtutle. SEas ractoredibdsre iamprefemblyestired
phar maceut i cal ral _nery m di sease renedi es, peripheral

di sease re %azgytcgjrﬁ%%?gfrgp(?qgﬁnggéz\irgr enedi es and anti-fungal 5 renedies.
I't is prefefhedtovatméthed dnayg furthearincintd acprecipitatdnustes eb eweeipitdte dhe thieck
daunomyci . s Aodfaficht FEFusy Y. Tl el ARBR T AD T HRERRY B acding
cycl opsori ndietfiyphether talithet fegttioni ouixtorex yThee: exbove | metbiod omepefusbet dndlutis, a
bet amet hasone,.. L: [ zal.e 1 Ubj C lo
ori scof | avi ATIATBREBATER o PRI G Rs bl B JEEHRRIATLEHG =

vi nbl ast i nefiltratibn ptentirares.  Tasfifratidre membralectypiaaltl hasca slestian wejghé duti-afbefe,
and net *}X' - %é&?t%% ne. Particularly preferred anti-cancer drugs include
paclitaxel, "doxorubi cin and cycl osporin A The encapsul ati on efficiency of
cycl ospori nim anipréfemed rembridireénteof yhis enetbad, bbouichi graed ofiphydeoxabiermingte®, 15
I n anot her A Of b Sal. OV, i I i

synt hesi zi n?@mﬁ%ﬁy@n@gsﬁgt@%g%ﬁgﬁ F@o&@%%k_?ﬁg @?M@??ﬂdt bé)UtmO'éel | e
syst ens desgramefitriathylamine areplisived in Be nfle Cabwi-iged dishloromethane.

The precursor polymers used in step (a) of the above method may be synthesised by
35 radical copolymerisation of N-isopropylacrylamide and N,N-dimethylacylamide



(a) determining a copolymer ratio of the tenperature-sensitive segnent to
the nore hydrophilic segnment, in the bl ock copolynmer, which is required so
that the bl ock 20 copol ymer exhibits an LCST which is about the desired
LSCT; (b) preparing a reaction solution conprising nononers correspondi ng
to the tenperature-sensitive segnent, nononers corresponding to the nore
hydrophilic segnment and an initiator, whefein the nolar ratio of the two

L ypes of ﬁgmtﬂﬁel‘r%ré ,Sin St sfrésyrical cbfyarecwﬁétort andl e chaipofratisksr &gint.OA mtﬂarrl%e (c)
eating an eact.ion,sol uti react i ol ut i n_.al so
ol ude a cHEIonS ey SSfe. A REEve: ch%\n i T A S
(for exarrpl uired ere radi merlsatl n.is bein d
for synt nos L ARGEREHRSEE & g“s GYertBey FRs Beptiire el Jrraane b
sone cases, cbﬂsmynmbadesrcﬂbecbabévet e vmwmmer moren hiydvephitacegmentsisl PRHRIAAM, | |
be 3o subst anti al é%q C}%% to tt@@co ner ratio. The tenperature-sensitive
segment s SRGFEFIARI GOMRIRGISHIINA 8RF- above, the nore hydrophilic
segment may (g)e Sei/rﬂﬁés&:dnd rom t b@ly(w BUpropgaslyRiiideceN-(Potinoknethylacrylamide
N-di met hyl acryl am de ? 6 pol y(N(hydr oxynet hyl ) acryl am de),

pol y(acrylic aci H5e°uE?8 9?'\‘/7"!?9? 80%tic acid), and their 35 derivatives. The
derivati ves (sf tP@oﬂb@mrmééur@m%lymﬁrewuheaolbﬂefyudmotdrma@tezont aining 10

and car boxy "8 Ererdon e hIPLksRRalb Py FeeCLon Foqsich e Abpy OB TR cdRBne

or noreid uncéaoﬁmfnaglb@wasaliseﬂ usingarnsth@amjregat i ons. The nore hydrophilic

t i f till h t . of thi
et on. ThE Gepdsd: BOVHER ahgrBeoasstenlhloritsRie Bhe s, FrEay are
pol yneric n‘pcaér‘ablysiyssbwmi #sa d@is@m h&:ﬂ abﬁmﬁoromemaaelahmtnﬁaymturml ly

t abl i
her apout | c5PT yherssalieRse ob 8 o R STRRS HTBR e AP LS B yyPieally
hydr oph](c)bi CCdmdLg:tédSataﬁbraltémpéramlcefordbug mlrhb,ursaccor d| ngly, the composition
is one

0108, B SE en B908E UYL B SR B

doxor ubi ci nr@fruxed/elmommmra/éoumdbml to anot her aspect of this

i nvention, re i.s provided a nethod of treat atient to cur

b event -t r BATOTS S PRIV oL 2 pPieutds® obfithe® o bP SVAlRSERY Bvesr  ng
to sai d pat pelymetisiag NIRAARCand NetMAAMIipdise presence o€ an beitiatab (tygicallynbemnzod
preferred enb%dl rr?nt of this nethod, the disease is cancer and the

hydr ophobi c Pt 65’ S an anti-cancer drug, such as cyclosporin A In this

met hod, 20 he Acangrolsiahe odialyais Ipeocadsi miagt be edsext &bl ymicelpi fabti¢ation bgnd ndmigt i on
or by suppog| C t 0 e 1celle
oyt om capaBnesiegpfoRbpld, bpe R R Sl BHER YR BRI AT o HorRaf, B8

| i gands pres@c&llesrarﬁhperfmrnedh:gdemﬂpswatwrsegrmeﬂt Iloachilttd)nt rmeet@amgelnangel theand
rel ease of n$ i3 nyL.l.on upLouadi ng
the mcelle. Q{OL#J Cﬁxﬁqﬁpre g(?hab ?s’ﬁ e{ént([:’%g‘g rﬁ%e%glﬁ%gﬁ%@ ? i g\'ga%'g
targeted ti mn@ramemamregeﬁrwsmgawme@ di seased tissue or a d| seased

R s e

t hat the pr ésepalymenenicelas crfa}ye swtemdesqubedrabyvm icdmpgsiog the prcameg steds:f or ns

Floure 1150 gr asplgific BoERE8ndiingiiin Eneiitemd LEME G, BER AT Rr =0
(i.e. polymer 1 )solutpnshlaml of ormD (CDCL3) Figure 2 is a graph show ng the'H
N s SB0T, ShBalBihY ol il sohrbrta thiataudl ook copol yrer (1 ¢
30 The dialysis step is generally effected by membrane dialysis. A dialysis membrane with

various molecular weight cut-offs can be used. Particularly good results have been

achieved using membranes having a molecular weight cut-off of about 2000. The

dialysis membrane is typically a dialysis bag.

In this method, the initial concentration of the block copolymers in DMF is preferably
35 about 0.35% by weight. The micelles formed by this method are typically cuboid-like in

shape and have a size in the range of about 45-80 nm for the low Mw polymer and



11 Figure 3 shows two TEMimages (a and b) of micelles fornmed by the
dialysis of a 0.35% initial copolyner solution in DMF, nanely mcell es of
copolymer 3 (see (a) and of copolyner 4 (see (b)). 5 Figure 4 shows four
TEM images (a, b, ¢, d) of the mcellar nanoparticles at initial polyner
solutions of 0.1 % (see (a)) and 1.2% (see (b) (c) (d)). Figure 5 shows two
TEM pi ctures (a and b) of CyA-loaded micedles made from copol yner 4 at

g@ al ysi 2 _teab@rtamuﬁ@ath@fqrmé?hi@awbaMneanlmhéaﬁle(cs@? wl(eli@h) o$ fhermlﬁ)%l ;ﬁgct&ed).
i gure is a graph s ng_i.n vitro' releas rofiles o A-| oaded .

i o6l Les w Teale g7 ARG PisTorss poRmeF (coREaralon Jhay yars oApuPats, hor
10C. Fi gur edifferdndwlezule wel@tgreat i on chronot ogram of the precursor and

cholesteryl-grafted 15 pol rs, ip respect of Example. 2. o eLention

S sy et e R of et GobaineBIEIuE i sncut e B eloh?

pﬁl ymﬁr |S§ r &mpﬁl mbilesgbmééd tﬁr\gw Be B%tis@aFrﬁia[W emigariaﬁmaivmg alsigré EvI;NAM% Fepg e lof un?mf )

t he chol est -qr ed p ner. 20 Figure 9 shows two pi ctures of the

bl ank and c@fk@d‘gfa@at‘%'swgé\&@f’@meér afted mcelles, dialyzed at 10C.

Det ai | gd DeMér@irilﬁeqmti@lfcoﬁb@ftﬁtibﬁ6f ﬁ@bmh 'khmbp?@r\léﬁs iBEMF m/ﬁdml ' @m%ﬁﬁyw_bﬁht,

carried out ,in the ner.set forth in the 0 ex S, Wi

eppr ect at ed MOPHBRY A MSETES, oRYPA 916l 1p BarRuDp gL AT SPBe S BaL PBYR® S hout

departing f irotie riveyessf@peutdss-248nm forahé ionMdasstymdred above. EXAMPLE 1:

Chol esteryl -te m@?at eg g%ﬁ\ﬁgl\l—' SO Féﬁ’yl acr%llleanﬂie-co-.N, N3

di met hy Kcr By sctsasng dnk dialisin bresraliie, ucalis of [akaerisias fan bp foymed and the

N- i sopr_o]E)yI aﬁ%adsamia?eiﬁifaign&y (sbbdblﬂiﬁl?]bb."ilﬁﬁfaded? de (pijlrchfased fromA dri f:h)

are purified by crystalljzatlon (n-hexane). and.disti tiqQn, respectively.

Benzoy! | per Sk Peluihg gteslcph by bl eerssn peaudes s raefiot T6r enceBiGhng'E Y

2- hydr oxyet hadropiobid s(stanceShnhe plenerReticetes, ptepared acading to the micelle

Tet rahydr of ur an 'Tle:T%)éé dj ¢chl ar opet hane, di et ht¥\| toher nd triethylamne are

di stilled obEPaEalpn nigthdd esetibsd Jocyey amplirnahe filowing Sy

thr oxyh%t g(zm' n?bmiapng ¥ (Ebilyireo polafion efchy bibak depalyméts ilNDMRet hyl acryl ami de)

The two hydraoxyl -term nated p (N s fo]o] cryl amj de-co- N .

N i ot nyl el anibd 2giently BEine e AraBERRLbSEhs, &b Balj e soluton tofprm @

copol yneri zat i onloaged golysrer eglutickp apgr oxi de (BPO) as an initiator and

2- hydr oxyet hanet hi ol. a chaj n, transfer agent, (Sche 1.). Briefly,

N-i sopr opyl chr yl Ewﬁﬂag F@ﬁ@a%“,d QPAY'QerrﬁQl}ﬁ'f? a ,'”RL%%"HBF%@W&E% am de )(/0. 62 g,

6.|3 mol )46 Acwgihgwy@h{gaaatd(rjﬁs]glatiérﬁ onostly eguauet bi?ultaihecmsfw with the doiation of

pol yner - : mol : _and for pr ration,of. a secon recursor ..

ol yirer 205 icelRs o g enoaikiiptBh L6 Hievg b8 Bl afecBR B aten &S

dry THF. Thenicallesitbuthis wiklagiagsetallySbd praatitdd Ihengussl driag rerica pgydatioh aaffidéhcy

m nutes. Th act i Lxtu i ! X Lor 1 d I, t n.

conpl ot on, PEHE" B oBeroP g BpfiE ey fuh BaRonal bREE el

et her. The pounmntratioransd plialydis etkeniyrane-candws patiert o eptimise edriig ancapsulation

di chl or omet iane-Ai ﬁ'{]'@{'g?-a her using a slow liquid-liquid diffusion nethod.
S0

The nol ecul ar wei g the polyners are determ ned by gel perneation
chromat agr afghy dialysls ¥epeiss préfdrablBAeffeckd sby rreemb@oes tdialydisr dsingi a diblysiat an

S 00 0 ol AP s BB ) SRR R O

offs. Good drug encapsulation efficiencies can be achieved using a dialysis membrane

having a molecular weight cut-off of about 2000. This dialysis membrane is typically a
dialysis bag and the loaded polymer solution is placed in the dialysis bag. The dialysis
30 bag may be immersed in about 500 mlis of de-ionised water, typically for up to 8 hours,
with the water being replaced about every hour. One can change these conditions yet
still achieve high drug encapsulation efficiency.
The dialysis step is generally carried out at a temperature in the range of about 5°C to a
temperature of just below the LCST. A preferred temperature is about 10°C.
35 The hydrophopic substance used in the above encapsulation method is preferably a
drug selected from the group consisting of anti-cancer drugs, antiphlogistic anodynes,



NHCHMe2 NVe2 NHCHMe2 Nwe2 1: Mwv = 3060, Mh = 2620 2: Mwv = 7970, Mh = 5500
25 Synthesis of anphiphilic polynmers of chol esteryl-term nated

pol y(N-i sopropyl acryl am deco-N, N-di nethyl acryl am de) The

chol esteryl -term nated bl ock copol yners are synt hesi sed by the
esterification 30 reaction between the precursor polyners and chol esteryl
chloroformate using triethylanmne as a cd#tal yst at room tenperature (Schene

2) . Hydr oxylmmendvsuppressaReNl Rispation- Didviedies, 1 Bdrmamieo!l esinpositiorsh! ochehm-mat e

(0.5 g) and, triethylamne (0. 3 are dissolved in 30 CaH2-.dri ed
di chl or omet H’Qﬁ%".e“% e 'Bn%?ﬁ%\aﬁ?lé'cfag' aq'g%%a ggegﬁlq rreg»[eg{ééorﬁespwatc')ry
O B - g e = 20304 Wit = 8020, W

~ ~N — . — . :. , = = ! =
6420 Upon cBipedes: d%?,“gh‘?fgf ﬁ??a%et FF‘éPe‘!\'%%'a‘iﬁfal%'&?% disqase é‘a’EFé'Sﬁ Wﬂ’ﬁ'r‘fﬁ”%
preci pit at erdrhgdigy. oducts. The products are purified by ultrafiltration

using a filtration nepbrane with a nol ecul ar wejght, cut-off of 20Q0. (Si.gma

578943 1 or 138 bieTerray BALBa e 5 s Mg arep] G0 BeEiRddEor %6 Grodp cansisting of

% hol felst er %/Lpéélitalmeﬂafoﬁ&ulbiéltrﬁ/ Iteﬁpsqs&reg _etlfp@ﬁa?,?d’atbwnﬁ'giﬁ? ﬁ%tvrgiﬂ@xﬂb,agm&:n%iﬁ? hod.
re Y, e 0 ney solu ons 1I.n I.nme rmam re lalyz

i nst de. TERmeliC R TP SHUTRAIFD. BRRY SOaD) JereBle et hioae

mol ecul ar watgbihide UbetainbthhSomd, atisHbtePagnB, kel@dhhazalé, itranazdie ngzrnaiubion,

typically 20C to .25_.C). LCST deterni nation.Optical . transnttance,of .
bous 101 FAEEOTIYf v TBRETIGRG THESARE.GRIRHITE. VERGG: JHBLAsEe UStHns o
500 nm wi t hcampidthécln, sfoeetakslNeisplatin Spratnitore, bivd 2héthylRFednlsgnan) Pazizuaypl e
cells are thernobstated with a tenpe aturet\-c ntrol | er. (Shj maqzu, UV2§_%:€} PC,
Schene 2 NePTerRias aniarnast (ilies inglidy pacitael doxoryRiCip 8ty RHerREA NRE2
Japan). Heabh¢dpsuRtién bficiéndy & ¢jclbspdme AlEBIN thal rieslleo$ystamh CaR besRhighe®p are

det er m ned fgaéor&%a&rrperatures showi ng an optical transmttance of 50%
0.

15 In ancther aspect of this invention, there is provided a method of synthesizing block
copolymers having a desired LCST, for use in the micelle systems described above,
comprising the following steps:

(a) determining a copolymer ratio of the temperature-sensitive segment to the more
hydrophilic segment, in the block copolymer, which is required so that the block

20 copolymer exhibits an LCST which is about the desired LSCT;

(b) preparing a reaction solution comprising monomers corresponding to the
temperature-sensitive segment, monomers corresponding to the more
hydrophilic segment and an initiator, wherein the molar ratio of the two types of
monomers is substantially equal to the copolymer ratio; and

25 (c) heating and mixing the reaction solution.

The reaction solution can also include a chain transfer agent. However, a chain transfer

agent will not (for example) be required where radical polymerisation is being performed

for synthesising cholesterol-grafted temperature sensitive polymers.

In some cases, the molar ratio of the monomers in the reaction solution will be

30  substantially equal to the copolymer ratio.

The temperature-sensitive segment is preferably PNIPAAmM.

As stated above, the more hydrophilic segment may be selected from the group

consisting of poly(N, N-dimethylacrylamide) (“PDMAAM”), poly(N-

(hydroxymethyl)acrylamide), poly(acrylic acid), poly(vinylacetic acid), and their

35 derivatives. The derivatives of the abovementioned molecules include those containing



14 Determ nation of critical mcelle concentration (CMC) Fluorescence
spectra are recorded on a LS50B Lum nescence Spectroneter (Perkin El ner,
USA) at 20C. The cell holder tenperature is controlled with a thernostated
s circulating bath. Pyrene is used as a hydrophobic fluorescent probe.
Al'iquots of pyrene solutions (1.54 x 10-5Min acetone, 400 p,l) are added
to containers, and the acetone is allowedOto evaporate. Ten mL aqueous

pol yrmer sol amirengroads @igfpol((@imethgamo)ethyl incstbacrylate) ) bydraxidgrdup andl barboxyl
cont ai ners cantai ning pyrene residue. Al the aqueous sanple sol utions
contain exc@%‘gs'pyr ene residue at the same concentration of 6.17 x 10-'M
The : obsol uThenworahgdiophilic segmedt prefetabilp Cornprisesaarie érhreoedunttionalzgroupsfor
equi librium.of pyrene.in e aqueouys phase, citation i ried out at
390 nm ¢ el gAne R BRELOrR. 7R A PHRARIE S Semeriis b e P EOMR ot
excitation mnal stihiustaeoaspeancfthidtivention tBereris pfavialedtahghapmaeadicaincopgiosition
spectra, the intensit eak height) ratio 13/ of the third ban 391
o 13) o ERBPISTE e BRRSTS PRI, Svbtens e deckibhd, sodvedenyF mreiT sy
pol ymer coneﬁcﬁptailé cmrierlﬁfrr:éreﬁﬁvfa_ flidaiimlei@_stbﬁkierlba‘cfhedmimfmthie:‘iipeuﬁcauyieﬁecr:ivé tﬂe
tangent to the curve at the. i eqti.on t he horizpontal tangent throu
e poi nt o SOPEHTEBLeRTREi Bie °Pleraiaolt i Rydrorbbisy il Ran ATREReet 8! Tng
(DLS) neasusardresdcsrdivigly, ¢he rcoagbositibn ik ong far dlting| prevaatingn sreatimpe ot alfevtating er )
equi ppeg with a He-(%{ | aser (63 r}% ttr? det.erm ne c@i ze of ?1 C8|| I S

Transmi sSi of*&CEct RIFVIQUSY: JRCRted) NG AU FAGR (LUK T§, BISTYROY o BET RN

m cel | e sol dbxopatsicin@ntygslospogn@. 01 % phosphotungstic acid is placed on 25 a
copper grid,coated with.a polymer fil and,self dried,at 20C. The TEM
obabr vat| onbCaTHIRG 15 andtyp BReesh B s, ibnBRCiES k85 d mEifgH of HEalidpe

w th an el epatiemt foi rate, cprenentg\trezt @0QlleYatenc IHRaks/, saids pesthods edoynprising
Encapsul ation of .cycl gspaorin,. model hydr ophobi c drug, .into th ol yneric
i ool 1 es angaBnsiei, B Rl e R e apte R rReiskliied: desifiged PRI R 16
ng of po$ynprefeérradserdbedimbntadd this nfetivdd, ddiseadeds Gangr ayd thesydrdphoki€dA)g iss
added to the pol.ymer ffPl utiog. Thelm'xt.ure S IaCﬁ{%I)i a dialysis bag with
Mv cut of f BF P58 S MBI L PYFSHE L S TEMogk | u%°'?%‘?%‘é’u“a’¥‘ﬁ¥ 88 (5,
10, 15 and 2Ad@inisteiet eraliystopiepllya g thjestionyr bpsuppgsitbry. 8 hours and t he

ormod aro ARyl inschtERe ReB piobiodh or P yiteyd Svetd REERe oE e AR
m cel | es ar & aitsgeticet by imerhctidnsehbwvern liganbe peasdnisdrathemdre hydrophilic segment
20 and the target cell and release of the drug by changes in the environmental temperature
surrounding the micelle. The method preferably also includes the step of heating
targeted tissue or a targeted organ (eg diseased tissue or a diseased organ) to a

temperature above the LCST so as to cause the hydrophobic drug to be released from

the micelles.
25
Description of the Drawings
In order that the present invention may be more clearly understood, preferred forms will
be described with reference to the following figures and examples:
30

Figure 1 is a graph showing the "H NMR spectrum of the low Mw polymer (i.e. polymer
1) in chloroform-D (CDCL;)

Figure 2 is a graph showing the 'H NMR spectrum of the low Mw cholesteryl-terminated
35  block copolymer (i.e. copolymer 3) in chloroform-D (CDCL3).



hour. The sanple is then centrifuged at 10,000 rpmfor 10 m n. The
supernatant is filtered with 0.2 pmfilter and anal yzed by a high
performance |iquid chromatography mnethod (HPLC). The HPLC system consi sts
of a Waters 2690 separation nodul e and a 996 PDA detector. Waters
SymmetryShield TM C8 colum (15 x 3.9 cm frtted Wi th guard columm is used
as the separation colum. The colum andl$anple tenperatures are set at 50

and 15C r espigaid ¥ shows tWeeT EMhbgeg(aatia b onfiicdliss frmad o ad ttrtalybre ohad.38% er
with volune, ra e is, fixed

ion of 85 to flo rate of fhe nobil
at 1 mi/ninnit @L@OP@W%WIPVH”E& Dm?v%?'n migelggoo g‘i’_p%rtﬁ ?ﬂ)e?@%tqfon
is at 210 nmpolyméFhﬁ(ﬁg@@psul ation efficiency is calculated as the wei ght
rati o of actual eoretical CyA content. In vitro rel ease tests of
CyA-1 oaded mcelles A certain anount of CyA-loaded micelles is inmersed in

50t . PFSS ( PigdreA # erHoEN%Ofoaﬂd_EWBiﬁ?&b@_ s((lalnfb,%rc, ﬁ)w}f tﬁ@mﬁbﬂiaggtgno%rtréléglefi mn‘:arg
intervals, the in vifro iumis replaced wi e collecte
speci men i spgxmﬁam'@@%ﬁq% Q@e%tﬁ/?ﬁﬁtﬁ@%@ﬁeﬁégt&&%éf ficiency is higher
than 95% The organic phase is dried to harvest CyA) which is then

di ssolved ip 2 of aceto rile and water atro of 85 to
15T or | fur t HGH By Bhotf a1 EEMopiCurey (@it o) sbi ihePadh igeles tgge rrom
Characteri Zeépdvm&tteaparawé&@mpa@tmaebszere(seet(a) nRd 10°C8Qed (b)) 8 nff/cyAel d.
The nol ecul ar wei ght s of t he hydroxyl -term nat ed precursor pol ymers are

control I®d W)the f eed ratro of the chaintransfer agent relative to the two

nmononers. TrEuRy @M?&g s‘hﬁwﬁﬁ' iﬂ%t@rrelé@éélﬁlbﬁlegf)f @yﬂ%d@ﬂﬁnr@e@g(@vnﬁl‘&@yﬁnd

polydlspersrtles of .5 are synthesized, respectively. The glass
transition b@ﬁ'p@@éﬂ&%e?b(lww Qfdlﬁl’iélsr@fgpﬁrahtﬂe PHIP°OW pol ymers are det er ni ned
to be 128.8 and 127.7C, respectively. The aqueous solutions of the two
polymers 3o _exhibit phase-transition at tenperatures of 39.5 and 40.6C,
respect i vel FigurEngshowgvRaskresmeatiast chrerotogiann oEfihe pyecursar and shelgsteet-giaiied
share a,si ng)&%er%atrt ?éébect':ﬁf” Eférﬁélétz\/ (R Vetérttenttmt\tvfé. wecetrrdareé rhif€of tRY M
pol ymer (1 own I n Figure 1. The success of

pol yrer i zat P@EsUiser ay @ml@sé@rylbgrattmp@lwaem@saﬁctwwr ic prot on sr gnal s at 8
5.4-6.6. Oher signals fromthe iso-propyl groups (CHW2 at 8 4.05 and
CHwe2 at 8 35 1.15, Signals a and a, respectivel ? and NMe2 groups at 8
2.92 (Si gnaFigyie &ise eaabshewing TH NMB; speetieniof the %ﬁeﬁteéylar@egrnﬁmw to those
of the nononers. In addition, broad peaks 16 at 8 1.5-2.8 (Si gnal b+c)
are observed for the prochi ral met hyl ene protons (CHCH2) of both

pol yrer ¥ edFigsrofeshoventiva TEMrpigtirae qrtbe ghank enbi@dckpdsdvehylegervipraliagh

units, as anf?c%ﬂé?%’amk%ﬁ Hhoide polymerization of C=C doubl e bonds. Based on
the integration of 2 (Signal d) and CH2CHCONMe2 (Signal c¢') of DMAAmM
units, s and the fact that the integration of CHCONHCHWe2 (Signal c¢) and
CH2 CHCOCHME 2

Detailed Description of Preferred Embodiments

25  The invention may be carried out in the manner set forth in the following examples. As
will appreciated, other modes of carrying out the invention are possible without
departing from the scope of the invention described above.

EXAMPLE 1. Cholesteryl-terminated  poly(N-isopropylacrylamide-co-N,  N-

30  dimethylacrylamide) temperature-sensitive micelles

1.1 Materials

N-isopropylacrylamide and N, N-dimethylacrylamide (purchased from Aldrich) are

purified by crystallization (n-hexane) and distillation, respectively. Benzoyl peroxide
35  (“BPO") (from Merck-Schuchardt) and 2-hydroxyethanethiol (from Sigma) are used as



(Signal e) is 1:1, the weak peak at 8 3.10 is assigned to CH2CHCONME2
(Signal c¢') of DMMAM units. Fromthe integration of the signals ¢' + d to
the signal e, the mn value of the polyner is estinated to be 7:1, which is
approximately equal to the feed ratio of the two nononmers. This indicates
that the two nononers exhibit simlar reactivity in the io polynerization
reactions. The IR spectra of the two hydiddxyl -termi nated polymers are al so
simlar. FOFeoe%& arre&ahydwfutdﬁ ﬁ'FHF()t mumtbfmd@l@érwmrethm et bind sristhylane are
absorptlons 8 é + , 1654.8 cm' (v~=0) and 1546. 2
cm' (v~_N) E@dﬁ@ﬁ PG} ¢ EBWVHrophoblc chol esteryl group is conjugated to
t he precursor polyners The two bl ocks are linked by a potentially
hydrolytlcall Ie carbonate is bond, rendering the designed polyners
blodegradabl |n RBUs media. Thus two chol esteryl -term nat ed

pol yacrys am de derlvatives wi th different hydrophobic/hydrophilic |engths
rati o are synthesjzed. The choleste | -termn ol r .3 and 4) e
purified bySUPYIesEi| ¢ Okt i ofyargrdt %f Zed ai nBG’aé\Z’SP ’ﬁ@y’gﬁfi}’{%@g"g‘?ﬁ?’ i n%O. 2
and 72. 9% yypheigyiadriia ively. The Mv values of 3 and 4 are 3370 and 8030
wi th the pol dlsper5|t 0 val ues bei 1.2 an respectively. The Tg
val ues of 3T é dwa fé)fdéo btermingied EQ'@&J@%W’@XBE P"’t”t)gﬁ -Go-Ny H@ %tgga%/'ylaﬁg‘fet)i on
L emﬁer at lﬁr efét[éﬁfjrsbhepdt)?ﬁérgs hgar )Hreﬁa@édﬂ tryattml raeubwrrebﬁolymenzemam uslrﬁ‘g’slrﬁeln}toyll

i gher an 0se e roxyl - rec ossi hly
due to the REERERs Hioiter. shadBRtsavebpiREPhae: &b Persusd adent
chol esteryl (sghefid BS BnEme I\ﬁl&k@pl@@ﬂébﬂyla@rﬂdb ey ens nmﬁolphpt\e@tremlac@nmlae

with the 2s I-te ec s are also_.c

spect r oscopl @(2 Sy oh P laighanciye) (e PRIAROR 566 1154 PECCLS0E PO PEER

pol ymer s (Fh@U'OES R‘Dmol Sawﬂir%réﬁaﬁﬁﬁdnh@f 4 lsé@orﬁ"ﬁre@ur@blrppolf(rﬁelgmh@ 4.0 fhimdl); and
j) and the vinylic proton, in tg dﬂ steréb J{E‘E ﬁﬁ% ar.e observed.
These si gnaP@d BRG @141 (- Lmredf gsobfedrin <0 myd gﬁge tiogyis degassefle; r
correspondi By babmmglvﬁthqttrcfdyﬂlf@ﬁzcemtftute“dtImeqéeétmtrﬁxturéte remealf@r fertpomddie Me

roup at 30 the a sition of C=C bond and the. vinyli oto
ghol gst eryl NIROEN-o R?Ftol'i‘ec‘tﬂ‘@?ttﬂfk t'?ﬁ)lpmfjé‘f’ts' 'Pﬁef""P'@F?é‘I‘f%V% rPird'et“i‘& d

rﬁ| i’vltl ve t?etﬂ&m Fhé @fc}duc(&lﬂar@rmfrlﬂédmyee pﬂ’dlﬂ)ltbﬁbfﬁﬂﬁ@é framOcichIdS‘rﬁrﬂeWne dlethylf
chol estery erm.nate S re s atterns as the_spectra o

t he precur s§MepEFNHE ('—W’\iﬁwd agfaé' Hé%ﬂ’%f <mglec NW'SE‘W{%D&%'@T‘%“%’E}- )
and v~-o (ledSddie®ihed by geltpeemedtivhesitamatbgraphyr{ GRC e afer ) AU USAL adystwehe
slightlé. Furthernore, the 3s intensity E/ t he ak at 3436.6 cm'

decr easéd sFiagAndy) ey rat&ﬂﬁ'ﬁt&&trﬁwﬂ il "H'&?Hé 17 consunption of

t he hydroxyl group in the precursor polyners. The two chol esteryl term nat ed
polyners are highly soluble in both water and di chl or onmet hane. Behavi ours

i n agueous solution 5 The LCST val ues of the | ow Mv and hi gh Mwv pol yner
solutions were 37.7 and 38. 2C, respectgoreine 1 The LCST can be adjusted by
varying the ratio of NIPAAmto DMAAM Since N—d| t hyl acryl amde is nore
hydr ophi lic Creasgyi |ts cont ent Iea AHGS g qug
val ues for thgnl%szN a%g |gh Mv pon ar e Heter d to pe -gignd 25
ng/ L, respeétbv@ly. *TH] ? =P ndi GEOPECHJTM ol?'n%r wi t =8 hi gher to

hydr oph| l'ic/ h%q&ﬁﬂhobl cagngth ratio exhibits anhcighes yalue. Table 1
summari zes the propértl es 6f the two hydroxyl-term nat ed

pol y(Ni sopropyl acryl am de-co-N, N-di nethyl acryLI We)_%g gc s gﬁ)l yNners
ar ac

and the resultant chol esteryl-term nated bl ock2{:o as their
behavi ours in aqueous solution. 15 Table 1. Synthesis an erization
of the pPecursor and chol esteryl-term nated pol yners Pol yners [Nl PAAn] Mwv
M MV Mh Tg (C) LCST CMC /[DMAAN] (C) (mg/L) /[CTAla 17:1:0.15

306026201. 2127, 740. 6 -27;1:0.08 797055001, 5128. 839. 5 -3- . ,
337029301, 2 S¥ANeSS B aRhio RS BRNTER ST riel g aled RRVAY sPRPYegYApTdE-
mononer s andoiN)eN-oinmthylddrdamidej agent 2- hydroet hanet hi ol . M ceI | e formation
20 Mcelles_are f brlcted.uin both t ediblock t he
rerbr ane. o A15<PIS TR EGTRAEAPeR opaN TRt At | SRTGROD o e erata,

DVF i s used réamtiohobbéiweeh y ey Spre&ltreorTI:‘ﬂ‘dlyrmmgeand)f cimlestéryk schinrefoematd fusiogn | ow
and hi gh Mw, di bl ock polyners Mosit t he m c. S
are obser ved VYIRS 28 1 &%tagﬁgﬁgéoorﬁw%maﬁraé Fe@ gﬁrﬁ'gr cal YS&WH@[’E‘EE‘%?

al so obser v&iNIPR#en-so-DMAARK Eing Ja shdlésterd betdarefoargeteqD. St d)eanddrigthylamime (Briegdt h
of individual mcelle) is in the ranges of 45-80 nmand 70-110 nmfor the

| ow Mv and hi gh Mwv pol yners, respectively. Under the sanme conditions,

m cell es self-assenbled fromthe high Mv polyner are significantly |arger
than those prepared fromthe I ow Mv polymer. In addition to 0.35% initial
concentratlons of 0.1 %and 1 2% of poI ymer 3 |n DIVF are al so tested The

——— o Y b1 o o, o



1. 2% exhibit multiple norphol ogies (Fig. 4b, 4c and 4d). The 1.2%initial
solution yields 5 a | arge nunber of star-like mcelles ranging 65-140 nmin
size. A few large cuboid-like particles with sizes greater than 245 nm are
al so observed. The star-like nanoparticles are characterized by a core and
needl es pointing outwards. The observation under a higher magnification
shows that the cuboid-like particles havd3a dense core and a relatively
|h085€ Eelrol pbgar o sédﬂ@tm‘l?%]mll@aﬁ}@ﬁ% Uloﬁtok&?l‘klatﬁénef:Y‘Flhé)ﬁdégf cbrflhmlxmr?ﬁﬁéllsolévlad to

ydr ophobi ¢ _dru into ic mcelles Figure 5 shows e

pi ctures of SHATP %&%ﬂp?f?@é?%éégﬁade fromthe polyner 4 at different
tenperatures. A high dialysis tenperature (e.g. 200 vyields cuboid-Ilike
mcelles but a | ow dialysis tenperatur roduces spherical mcelles. Table
2 lists the 15 size and encapsul ati on %&ﬂlﬁ—incy of CyA-loaded micelles. A
decreased dial ysis tenpermeure~resuliMein | arger size and hi gher

encapsul ation efficiency oMelyA-1oadled mcelles. The I therinitia

| oadi ng, the greater the suI atM®n ef fi ci &OEW .6, m:la Bl t| on
efficiency of CyA is Y¥lelided when the dialysis tenperatu rel ndnthe
initial CyA | d| f are enpl oyed. 20 Table 2. Meark o arrete.
encapsul atl P Ci 6 (EE) of the CyA-I oaded micell es rﬂi‘d@""ﬂ*?mnNMhe

pol ymer 4 at dlf erent Idialysis tenperatures Dialysis £ 5% 2 (O CyA Fed
(ng) Loadi ng | evel (w w¥ EE (% Mean di anet er

(nm 2061. 95411566. 5171731536. 53214310612T21691031164--5615 636193 In vitro

rel ease of CyA-loaded mcelles 25 The in|vehso, 7 Et@esettests of CyA-1oaded
mcelles are perfornmed at two different enperatures Figure 6 shows the
rel ease profiles of CyA fromthe mcelles. At 40C, which is above the LCST,
CyA release is much faster conpared to 10C. At the tenperature of higher

than the LCST, the P(N PAAm cq' DMAAM) bl ock becores hydrophobi c; Thus the
1€ ﬂ\fP/Q%DHﬁQFCH @?‘EFJXNBI%E}?

m cel | es de-associate and trj

Chol esteryl -grafted

pol y(N-i sopropyl acryl ang I hy rox9rret hyl ) acryl ancfa% ¢=

( P( NI PAAM co- NHVAAM) ) tle uMe-sensitive mcelles W@"MeMaNMPmaI s

N- ( hydr oxymet hyl ) Eryl a E‘* is obtained fromAldrich. The rest chenicals
are the sane a S gor chol esteryl-term nat ed P( NI PAAm co- DMAAN)
mcelles. 2.2 th hods 1 o0 Synt he a i 4 bgagol ymers of

chol esteryl -grated (P(N PAAm co- ﬁ-]%ﬁ gg Egg(t)eryl grafted

P(NI PAAN? CO- NHVAAM is produced by two steps Schene 3). First,

P( NI PAAm co- NHVAAM) s synt hesized by the co-pol ynerization of

N sopr opyl a%\éhm offthd d\étﬁﬂygthgﬁé;‘épﬁéd }8GhY 'r@Q&tBﬁ Hakig @Pé?e@%n%tgethe

Initiator. use unctional unit to provi
groups. Subgeatiuetst | The mméuczts Bre; huifiedt by yirafilindtios using @ijat;@atr@mhmrthtme

hydr oxy gro r.ec ao{_(i? ) ile esterification
reaction. Sc eerrdgﬁé%é?%@fi%h ggéﬁ" D%&Eﬁ iﬂi i HCCOCGOCOCOn
NHCHMe 2 INHCHz OH THF NHCHMe2 NHCHy OH

Preparation of micelles

Micelles of cholesteryl-terminated polymers are prepared by a membrane-dialysis

method. Briefly, the polymer solutions in dimethylformamide (DMF) are dialyzed against

de-ionized water for 24 hours using a dialysis membrane with a molecular weight cut-off
15 of 2000 (Sigma D-7884) at room temperature (typically 20°C to 25° C).

LCST determination

Optical transmittance of aqueous polymer solutions (5 mg/mL) at various temperatures

is measured at 500 nm with a UV-VIS spectrometer (Shimadzu, UV-2501PC, Japan).
20 Sample cells are thermostated with a temperature-controller (Shimadzu, UV-2501PC,

Japan). Heating rate is 0.1°C/min. The LCST values of polymer solutions are

determined at the temperatures showing an optical transmittance of 50%.



NI PAAm NHVAAmM HO- functional i zed pol ymer chol esteryl chloroformate CH IH CH
IH C=0 m C=0 NHCHMez NHCHZOR R = chol esteryl 2o Characterization nethods
are the sane as those enployed for the chol esteryl term nated

P( NI PAAm co- DMAAM pol yners. 2.3 Results Successful graft of chol esteryl
group to the precursor polynmer is proven by GPC studies 25 (Figure 7) and '
H NMR studies (Figure 8). Fromthe NVR spéctrum each pol yner nol ecul e

cont ai ns about 3-4 chol esteryl groups. The average nol ecul ar mass of the

20 chol esteryl -grafted NI PAAM: co- NHVAA out 10.6kDa. Its

pol ydi spers ’%WEEQ" PEC”&[F@MWSGI@ %Ce’gfﬂﬁ’n}’ﬁgﬁ’g&T in water is determined to
be 40. 8C. TF@O%N@' Hsochh drBae6drab@ohed Y.BSGB&fuhﬁlﬁ’es@@hdéTSFeétﬁ)nﬁtﬂére rkgd to
be 4ng/L, which is rmuch | ower than that of the chol ester t er m nat ed

pol yrer, i nElRaf; M$4) @3 20°EheTha el helderstempgeatenedim qoﬁth'!ﬁﬁ’oWlé%taeﬁhwm@ﬁt%tﬁ@ ed

pol yner ar emmﬁiaﬁmgb@m el’yr@(&is%@@%b% Hy%rcﬁi%&@?l%v%%é‘&wt‘&&ﬂé‘ NS of pyrene
chol esteryl - %rafted (NI P m cONHMAAM)®™ mcelles. Figure 9 shows the TEM
@

pi ctures of Selutons| (454 xiel° M)}anqui@f@fedoﬁwd:)eafﬁ@ﬂdﬁ@ié{ec¢ﬂ{@ﬁer§h@m¢§19eaqﬂ0r@rlafted
P(NI PAAM cog Mmeva‘ffg tid Feh rq qgéflgka&grﬁgrcsol%r% #’tﬁfféﬂeﬁt”&r@@ﬁitratlons

CyA-1 oaded mcelles ex |t a cu ave a size ranging 1o
from 100 t oaothenradded tqiithe cwalapqsr@ﬂt%mle@i pusenpe'esdus fMithe @queoust sample t

that numer oy Nﬁs'cﬁ%ﬁia%%%@%@%n% Jdecé’lttﬁé)ﬁné@é(nc:éﬁ R 601 7 )b?? 'I\?.‘é;r‘ﬂé on

as descri bed ereln Wt arting from or sco
i nventi oh. 3Jdlatignsese keptdonhdih a’e?ﬂ°§ tareachtibe e@loblbzettlon lequitionien d’épy.rdne‘ im thé |

respects 2 aldaihatd v, AR e B8 Klich 946 om. iAo T G ALNR, BRFENNG, T

I NVENTI ON Al NG T U L P A encapsulati ng
a hydr ophobfrems3fifs toad@E pnmwh Bothi excﬁammcbehuasmnl laandmcﬁhé. are 8§ rfnor fedmahe

bl ock I . i 1 I

ohot est ory PHEghe eFMbaidAe, feiFERBLAPYEE poHY soddsCmy M ind BirgThand 01

core of thenmi bbﬂOItbe firsti bamcb (37 mpe latate waimsiasia/fanﬁlmcdwolymemandwlttahmhl lic
shel | fl% t hﬁ éﬂ/léevall |s§alféﬁ 19&41¥ﬁ$fn'téfs%c}tlﬁﬁlolfﬁ1 t\éﬁé&ptggl‘feo&ﬂ'\/@gt h% Iﬁh@dtlg}l 1,

wherein The tenperatur
t enper at ur ewﬁbtha hdrizentablgngent tianadghathemointh gdowghnténtraiengrent .

Size of micelles
Dynamic light-scattering (DLS) measurements are carried out using a N4 Plus
20  instrument (Coulter) equipped with a He-Ne laser (632 nm) to determine size of

micelles.

Transmission electron microscope (TEM) measurements

A drop of resultant micelle solutions containing 0.01% phosphotungstic acid is placed on
25  a copper grid coated with a polymer film, and self dried at 20°C. The TEM observations

are carried out on a Philips CM300 or a JEM-2010 microscope with an electron kinetic

energy of 200 kV and 300 kV, respectively.

Encapsulation of cyclosporin, a model hydrophobic drug, into the polymeric micelles and
30 determination of cyclosporin encapsulation efficiency

A 15 mg of polymer 4 is dissolved in 5 mL DMF and 2-6 mg cyclosporin (CyA) is added

to the polymer solution. The mixture is placed in a dialysis bag with Mw cut off of 2000

and immersed in 500 mL water at various temperatures (5, 10, 15 and 20°C). Water is

replaced every hour up to 8 hours and the dialyzed sample is allowed to equilibrate up

35 to 24 hours. The micelles formed are freeze-dried and stored at 4°C.



3. Apolynmeric mcelle systemaccording to claim2, wherein the
tenperaturesensitive segnent is pon(N-|sopropylacrylanlde) (" PNI PAAM') or
one of its derivatives. 4. A polyneric mcelle systemaccording to claim 3,
wherein the derivative of 15 PNIPAAMmis poly(N, N-diethylacrylamde). 5. A
polymeric mcelle systemaccording to any preceding claim wherein the nore
hydrophili c segment conprises one or norddfunctional groups for |igand

conj ugat i onThe Gesultani C9A4|aadey3memeacmerd¢hsbge<ﬂ in anyL acaomdilmgn@ lshaken fohar ei n
the nore hy ro h ic_se

| ected fr t he of .ol ecul e
consi ot 1 ng. BPhorbe ReRBE i hea fefEtues 5%18&%‘ DBCigRATin”' TRE stisenaiant i
pol y( N- ( hy dripersaedithy© qurﬁ»fﬂtafraﬁ@)anélyiéw Nhigh _Péﬁ‘bbfﬁéﬁ@:éwlqluﬁ éirofhatography

pol y(vinyl acetic, aci hei r deri vatl Ves. nmeric mcelle syst em

according t &'ethed (:'ﬂpé-e)v\ﬂB? EREG svstemp rensigjapa Watere 25%%%9?@*#05‘ PEARARNIE. A

pol ymeri g mogelFBA St G\Nﬁtéféjs?ﬂrﬁe‘t}yshlaldnﬂ@ , C8leslufinn(15he 3@&@) iyted QUi |1 C
2s segnent is PNHVAAm 9. A nice stem accordi n%‘nto claim®6, wherein

the derivat SY&d Gofunemhis LF?BF’@@JF%??%@‘I‘ lymps dhe elvaN AN FanIRe MRsKtEresni ne

groups, hydgaxybt & QM%dOfS@%QQé@{NéI? aﬂ'{ednﬂbmé’Bﬁaselgons&ténoﬁ%két%nﬂéta%@
according to claim9, wherein t derivative of the nolecule is 30

pol y( (di met WateWiKoYQume ratis ﬂfa%fr {2 39.e Thefflowar %Pyﬂ@rm@bllﬁ praseds diyed @
accor di ng t?nq@)h pfl‘f‘é?ﬁ»‘éklﬂﬂln?lrﬂéc‘ﬁbﬁ"@%ﬁieﬁst1'ﬁﬁ & NAHLRE IV belBBlidH ¥ dt2 0 nm.
chol est er ol nmeric | e system dccordi ng to any precedi ng

cl ai m whier eil heteneapﬂulﬂtleeteﬁicgencmn@iqalaé@mas the W%ﬁieatwtojreéu@bmmdwre@cabwek
are |inked Ry,@ncarbonate bond. 22 13. A polynmeric mcelle system
according to cI alm 7 wherein the block copolyner is chol esteryl-term nated
pol y( N-i sopr opyl acryl am de- co- N, N- di net hyl acryl am de) having the formnul a:

OCH NCH ?s~4 % NHCNI | Ae ~ hl h~e ~ s wherein the
ratio of m tﬂlﬁ@{%]e?srgfé té‘éongAIOé‘q 1880‘19%0 1:100. 14. A polyneric mcelle

syst em accoAd¢engin amgwm% Iw@demwetleselsmameﬁe@lﬂn p0trol RBSs(piakfatitat 70 and15.
A pol yrmggi C4m§§lr{)d§r §|}4 f'f’&éo&\?h{?&jﬁ eﬂﬂé&v&l&eﬁﬁﬁ'ﬁ O.ﬂo%@d%‘{!‘%@f‘écedmﬁ
mcell es are ca der goi n ase transitio critical
sol uti on t ofresimizBit u'IFhe ()dlle@@'ﬂ $pecrmerhes eznaptecd withr omla XN, 3P teatradiiont

50C. 16. A st e LCST
of the i cellSSAE ISTigrihatof™ R AEERE Bhate 98] B Mirkcte CYBZIRIRY é fn

pol ynmeri c nidiseblved sy%ndnmfaap@mMrllngarldowaﬂthrm:edplng\eoraao of 8héo @5 forduithier
system has @Fg%?éﬁ% m cell e concentration in the range of from4 ng/L to
200 ny/ L. osl ymeric mcelle systemaccording to any preceding
claim lelrther conpri sing a hydrophopi ¢ substance encapsul ated with the

pol ynmeric mycel | @gey &g A polyneric mcelle systemaccording to claim18
wherein the hydropho Ic substance is a drug selected fromthe group

consi sting antl-cancer drugs, antiphlogistic anodynes, inmmuno-suppressants,
hepati sm re%ﬁ}ngé; MR 0544708y chenp2o therapeutics, metabolic
pharmaceuti ca ds rgestive disease renedies, respiratory di sease renedies,
anti-allergilbe mﬁmmm)irws gre ebtgined|in r&@r&m&%%ywelém Tdesmaleeulpeweightssof
peri phenal  desRRAEI-RMRHatss preblrssl giyhrs Ak o Is £ B Hetsed tliod e Entitgal

renedi es.

transfer agent relative to the two monomers. Two products with molecular weights of
3,060 and 7,970 (Mw) and polydispersities of 1.2 and 1.5 are synthesized, respectively.
The glass transition temperatures (Tg) of the high and low Mw polymers are determined
to be 128.8 and 127.7°C, respectively. The aqueous solutions of the two polymers
30  exhibit phase-transition at temperatures of 39.5 and 40.6°C, respectively. The 'H NMR
spectra of the two-hydroxyl-terminated polymers share a similar pattern. For clarity,
only the '"H NMR spectra of the low Mw polymer (1) in CDCl; is shown in Figure 1. The
success of the polymerization is evidenced by the absence of vinylic proton signals at &
5.4-6.6. Other signals from the iso-propyl groups (CHMe; at 5 4.05 and CHMe, at &
35 1.15, Signals e and a, respectively ) and NMe, groups at & 2.92 (Signal d) are observed

and their chemical shifts are similar to those of the monomers. In addition, broad peaks



20. A polymeric mcelle systemaccording to claim19 wherein the
anti-cancer drugs 2s are selected fromthe group consisting of paclitaxel,
doxor ubi ci n, teniposide, etoposide, daunonycin, methotrexate, mtomycin C
i ndonet haci n, ibuprofen, cyclopsorin, biphenyl 23 di net hyl

di car boxyl ate, triantinol one acetoni de, betanethasone, anphotheracin B,
ket oconazol e, itranazole, daunorubicin, d6iseofluvin, foropyrinidine,

| i docai ne, gpj 1D Bi(Bigndl BE)i dvb 'dB@ervé!d mltaérprdaﬁurale\héﬂhprbhsl P&on§@$mxc/q; hgeci n,
docet axol, cisplatin, prednisone, an meric

mcelle sysP@thh RebEezed) MeneNesnaP \Rﬁem;ﬂ%/mnft r@ot?FEg(Q’éC'ﬁ&QNHQk' e2 of

doxor ubi ci nNﬂjA&MQ]n%péHé%o&eq%%nceﬁof‘ﬁb%nﬁgnz@ﬁcﬁpéf CQG do*&BIebéd?fag Based
copol yners of any one of clains 1 to 7, ngrlsm t(e foll om ng step
r

synt hesi si ngn ﬁ@ﬂjm@ﬁW@thnletNM@a Sionzbry and C vioad eleotB ITNH,_IBItS

di met hyl acr yhd Ml fact BRGNS FREgrEfdY HﬁCHCCﬂﬂ%‘I(IfOIbz ( I'd)ganbh@HiUI%GCWez
polynmers with chol ester?/hl chl or of or mat e. od accordi n%to clai m
i
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pol yrrer 80 andaldes deimgy$2 and 4. %GBMWQW) f'B‘remTa vediest ¢fod afidxfare. 133.1 and

136.0°C, respectively. The glass transition temperatures of the cholesteryl-terminated
polymers are significantly higher than those of the hydroxyl-terminated precursor
polymers, possibly due to the additional hydrophobic-hydrophobic interactions between
cholesteryl moieties. The successful conjugations of cholesteryl groups with the
25  hydroxyl-terminated precursors are also confirmed by spectroscopic studies. For
example, in the '"H NMR spectra of the diblock polymers (Figure 2), signals from the five
CHjs groups (Signals g, h, i, and j) and the vinylic proton in the cholesteryl unit (Signal k)
are observed. These signals share similar chemical shifts and coupling patterns as their
corresponding signals of cholesteryl chloroformate. The signals from the Me group at
30 the a position of C=C bond and the vinylic proton in the cholesteryl unit of the diblock
polymers shift slightly to a higher field relative to cholesteryl chloroformate. The IR
spectra of the two cholesteryl-terminated products share similar patterns as the spectra
of the precursor polymers. However, the absorptions of vn.io.n (3436.6 cm™) and ve=o
(1648.6 cm™) in the cholesteryl-terminated products red-shift slightly. Furthermore, the
35  intensity of the peak at 3436.6 cm™ decreases slightly after conjugation, indicating the



24 32. A nethod according to claim 31, wherein the solvent is

di chl oronet hane or tetrahydrofuran. 33. A nethod according to claim 31 or
claim 32, wherein the reaction mxture is refluxed at about 70C for about 6
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pol ymers.
/[DMAAM] (°C) (mglL)
/ICTAT
1 7:1:0.15 3060 2620 1.2 127.7 40.6 -
2 7:1:0.08 7970 5500 15 128.8 39.5 -
3 - 3370 2930 1.2 133.1 37.8 9
4 - 8030 6420 1.3 136.0 38.2 25

a. Molar ratio of the monomers and the chain transfer agent 2-hydroethanethiol.

Micelle formation

20  Micelles are fabricated using both the diblock polymers (3 and 4) by the membrane
dialysis method. An initial concentration of 0.35% in weight in DMF is used for both
polymers. The TEM images of micelles prepared from low and high Mw diblock
polymers are shown in Figure 3. Most of the micelles are observed as cuboid-like
shapes, though a few spherical particles are also observed. The size (taken as the

25 average of the length and breadth of individual micelle) is in the ranges of 45-80 nm and
70-110 nm for the low Mw and high Mw polymers, respectively. Under the same
conditions, micelles self-assembled from the high Mw polymer are significantly larger
than those prepared from the low Mw polymer. In addition to 0.35%, initial
concentrations of 0.1% and 1.2% of polymer 3 in DMF are also tested. The TEM

30 pictures of the micellar aggregates formed at these polymer concentrations are



48. A nethod according to any one of clains 43 to 45, wherein the initial 5
concentration of the block copolyners in DMF is about 0.1 % by wei ght. 49.
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15 6 6.5 17 173
15 3 6.5 32 143
10 6 12 32 169
10 3 11 64 =
5 6 15.6 36 193

In vitro release of CyA-loaded micelles

25 The in vitro release tests of CyA-loaded micelles are performed at two different
temperatures. Figure 6 shows the release profiles of CyA from the micelles. At 40°C,
which is above the LCST, CyA release is much faster compared to 10°C. At the
temperature of higher than the LCST, the P(NIPAAm-co-DMAAmM) block becomes
hydrophobic. Thus the micelles de-associate and trigger off CyA release.



63. A nethod according to claim®62 wherein the drug is cyclosporin A and
the encapsul ation efficiency of cyclosporin Awthin the mcelle systemis
up to about 64% 64. A nethod of synthesizing block copolyners having a
desired LCST, for use inis the mcelle systens of any one of clains 1 to
7, conprising the followi ng steps: (a) determ ning a copolymer ratio of the
tenperature-sensitive segnent to the noré&Shydrophilic segnent, in the bl ock
copolymer, which is required so that the bl ock copol ynmer exhibits an LCST
whi ch is abqut desired LSCT; 20 ) preparin reaction sol ution
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is substantially equal to the copolyner ratio; and 25 (c) heating and
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met hacryl at E}C 72. A‘{ rggt hod according to any one of clains 64 to 71, wherein
the more hyfCSPRFIE(IC 8@Fﬁﬁ’f§'°%orrpri ses one or nore functional groups for

| i gand conjugations 10 73. A pharnaceutical conposition conprising a
polyneric mcelle systemaccording to gné oge of claims 1 to 21, and a
pharmaceutically acceptable carrier, said mcelle systemis | oaded
with a therapeutically effective anount of a hydrophobic drug. 74. A
conposition according to claim73, for curing,[preventing, treating or

al | evi ati ng cancer, ST8i N ;hkécﬁcﬁdr ophdBP c dicg‘néé‘ Cghtff'%gancer drug. 1s
75. A conposition accordTfg to cl@i°m 74, wherein t¢w anti te@ncer drug is
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patient to cure, preve t r eat | | eviate i.seas ai.d met hod
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of claims 73 to 75. 20 77. A nethod according to claim76, wherein the

di sease i s cancer and the hydrophobic dqu}g/iﬁlatn ﬂg"irl ~cancer drug. 78. A
net hod according to claim 77, wherein tHe aftiCEANCE YIS is paclitaxel,
doxorubi cin or cyclosporin A. 79. A nethod according to any one of clains
76 to 78, wherein the conposit &9—5%5”9@”1 nistered orally, topically, by
i njection or by suppository. 80. A hod [acgording to any one of clains 76
to 79, further including the step 6P heat iy targeted %i ssue or a targeted
organ to a tenperature at or aboveHCH¥e:LCEICHEER as t & CAUEE Y he hydr ophobi ¢
drug to be released fromthe mcelles.
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15 PNIPAAm is poly(N,N-diethylacrylamide).
5. A polymeric micelle system according to any preceding claim, wherein the more
hydrophilic segment comprises one or more functional groups for ligand conjugations.
6. A micelle system according to any preceding claim, wherein the more hydrophilic
segment is selected from the group of molecules consisting of poly(N,N-
20  dimethylacrylamide) (“PDMAAmM”), poly(N-(hydroxymethyl)acrylamide) (“PNHMAAmM”),
poly(acrylic acid), poly(vinylacetic acid) and their derivatives.
7. A polymeric micelle system according to claim 6, wherein the more hydrophilic
segment is PDMAAm.
8. A polymeric micelle system according to claim 6, wherein the more hydrophilic
25 segmentis PNHMAAmM.
9. A micelle system according to claim 6, wherein the derivatives of the molecules
include those containing one or more amine groups, hydroxyl groups or carboxylic acid
groups.
10. A micelle system according to claim 9, wherein the derivative of the molecule is
30  poly((dimethylamino)ethyl methacrylate.
11. A polymeric micelle system according to any preceding claim wherein the
cholesteryl moiety is cholesterol.
12. A polymeric micelle system according to any preceding claim wherein the
cholesteryl moiety and the temperature-sensitive block are linked by a carbonate bond.
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5  wherein the ratio of m to n is in the range of 100:1 to 1:100.
14, A polymeric micelle system according to claim 13 wherein the ratio of m to n is
about 7:1.
15. A polymeric micelle system according to any preceding claim wherein the
micelles are capable of undergoing a phase transition at a lower critical solution
10 temperature (“LCST") in the range of from about 32°C to about 50°C.
16. A polymeric micelle system according to claim 15, wherein the LCST of the
micelles is in the range of from about 37°C to about 42°C.
17. A polymeric micelle system according to any preceding claim wherein said
system has a critical micelle concentration in the range of from 4 mg/L to 200 mg/L.
15 18. A polymeric micelle system according to any preceding claim, further comprising
a hydrophopic substance encapsulated with the polymeric micelles.
19. A polymeric micelle system according to claim 18 wherein the hydrophobic
substance is a drug selected from the group consisting anti-cancer drugs, antiphlogistic
anodynes, immuno-suppressants, hepatism remedies, hormone compositions, chemo-
20 therapeutics, metabolic pharmaceuticals, digestive disease remedies, respiratory
disease remedies, anti-allergic pharmaceuticals, central nervous system disease
remedies, peripheral disease remedies, circulatory disease remedies and anti-fungal
remedies.
20. A polymeric micelle system according to claim 19 wherein the anti-cancer drugs
25  are selected from the group consisting of paclitaxel, doxorubicin, teniposide, etoposide,

daunomycin, methotrexate, mitomycin C, indomethacin, ibuprofen, cyclopsorin, biphenyl
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(a) synthesising hydroxyl-terminated poly(N-isopropylacrylamide-co-N, N-
10 dimethylacrylimide) precursor polymers; and
(b) reacting the precursor polymers with cholesteryl chloroformate.
23. A method according to claim 22, wherein the reaction is effected by dissolving
the cholesteryl chloroformate, the precursor polymers and a catalyst in a solvent to form
a reaction mixture.
15 24, A method according to claim 23, wherein the solvent is dichloromethane or
tetrahydrofuran.
25. A method according to claim 23 or claim 24, wherein the reaction mixture is
stirred for about 24 hours at room temperature.
26. A method according to claim 24 or claim 25 wherein about 1 gram of hydroxyl-
20 terminated P(NIPAAmM-co-DMAAm), about 0.5 grams of cholesteryl chloroformate and
about 0.1 gram of triethylamine are dissolved in 30 mls CaH, — dried dichloromethane.
27. The method of any one of claims 22 to 26 wherein, before step (a), the precursor
polymers are synthesised by radical copolymerisation of N-isopropylacrylamide and
N,N-dimethylacylamide monomers, in the presence of an initiator and a chain transfer
25  agent.
28. A method according to claim 27, wherein the initiator is benzoyl peroxide.
29. A method according to claim 27 or claim 28, wherein the chain transfer agent is
2-hyroxyethanethiol.
30. A method of preparing the block copolymers of any one of claims 1 to 6 and 8
30  comprising the following steps:
(a) synthesising poly(N-isopropylacrylamide-co-N-(hydroxymethyl)
acrylamide precursor polymers; and
(b) reacting the precursor polymers with cholesteryl chloroformate.
31. A method according to claim 30, wherein the reaction is effected by dissolving
35  the cholesteryl chloroformate, the precursor polymers and a catalyst in a solvent to form

a reaction mixture.
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precursor polymers are synthesised by co-polymerising NIPAAm and NHMAAmM in the
presence of an initiator.
35. A method according to claim 34 wherein the initiator is benzoyl peroxide.
36. A method according to any one of claims 22 to 35 wherein the reaction of step
10  (b) is an esterification reaction.
37. A method according to claim 36 wherein the esterification reaction is carried out
at room temperature.
38. A method according to any one of claims 23 to 29 or any one of claims 31 to 37,
wherein the catalyst is triethylamine.
15 39. A method according to any one of claims 22 to 38, further including a
precipitation step to precipitate the block copolymers from the reaction mixture.
40. A method according to claim 39, wherein precipitation is effected by adding
diethyl ether to the reaction mixture.
41. A method according to claim 39 or claim 40 further including a purification step
20 wherein the precipitated products are purified by ultra-filtration using a filtration
membrane.
42. A method according to claim 41, wherein the filtration membrane has a
molecular weight cut-off of about 2000.
43. A method of preparing the polymeric micelles of the system according to any
25  one of claims 1 to 21, comprising the following steps:
(a) dissolving the block copolymers in dimethylformamide (“DMF”) to form
polymer solutions; and
(b) dialyzing the polymer solutions against de-ionized water
44, A method according to claim 43 wherein the dialysis step is effected by
30 membrane dialysis.
45, A method according to claim 44, wherein the dialysis membrane has a molecular
weight cut-off of about 2000.
46. A method according to any one of claims 43 to 45, wherein the initial
concentration of the block copolymers in DMF is about 0.35% by weight.
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weight cut-off of about 2000.
55. A method according to claim 54, wherein the dialysis membrane is a dialysis bag
and the loaded polymer solution is placed in the dialysis bag.
56. A method according to claim 65, wherein the dialysis bag is immersed in about
25 500 mls of de-ionised water.
57. A method according to claim 56, wherein the dialysis bag is immersed in the
water for up to 8 hours, with the water being replaced about every hour.
58. A method according to any one of claims 52 to 57, wherein the dialysis step is
carried out at a temperature in the range of about 5°C to a temperature just below the
30 LCST.
59. A method according to claim 58 wherein the dialysis temperature is about 10°C.
60. A method according to any one of claims 52 to 59, wherein the hydrophopic
substance is a drug selected from the group consisting of anti-cancer drugs,
antiphlogistic anodynes, immuno-suppressants, hepatism remedies, hormone
35 compositions, chemo-therapeutics, metabolic pharmaceuticals, digestive disease
remedies, respiratory disease remedies, anti-allergic pharmaceuticals, central nervous
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66. A method according to claim 64 or claim 65, wherein the temperature-sensitive
30 segmentis PNIPAAmM or one of its derivatives.
67. A method according to any one of claims 64 to 66, wherein the more hydrophilic
segment is selected from the group of molecules consisting of poly(N, N-
dimethylacrylamide) (“PDMAAmM”), poly(N-hydroxymethylL) acrylamide) (“PNHMAAmM”),
poly(acrylic acid), poly(vinylacetic acid), and their derivatives.
35 68. A method according to claim 67, wherein the more hydrophilic segment is
PDMAAmM.
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PNHMAAmM.

70. A method according to claim 67, wherein the derivatives of the molecules
include those containing one or more amine groups, hydroxyl groups or carboxylic acid
groups.

71. A method according to claim 70, wherein the derivative of the molecule is
poly((dimethylamino)ethyl methacrylate.

72. A method according to any one of claims 64 to 71, wherein the more hydrophilic
segment comprises one or more functional groups for ligand conjugations

73. A pharmaceutical composition comprising a polymeric micelle system according
to any one of claims 1 to 21, and a pharmaceutically acceptable carrier, wherein said
micelle system is loaded with a therapeutically effective amount of a hydrophobic drug.
74. A composition according to claim 73, for curing, preventing, treating or alleviating
cancer, wherein the hydrophobic drug is an anti-cancer drug.

75. A composition according to claim 74, wherein the anti-cancer drug is paclitaxel,
doxorubicin or cyclosporin A.

76. A method of treating a patient to cure, prevent, treat or alleviate a disease, said
method comprising administering to said patient a composition according to any one of
claims 73 to 75.

77. A method according to claim 76, wherein the disease is cancer and the
hydrophobic drug is an anti-cancer drug.

78. A method according to claim 77, wherein the anti-cancer drug is paclitaxel,
doxorubicin or cyclosporin A.

79. A method according to any one of claims 76 to 78, wherein the composition is
administered orally, topically, by injection or by suppository.

80. A method according to any one of claims 76 to 79, further including the step of
heating targeted tissue or a targeted organ to a temperature at or above the LCST so as

to cause the hydrophobic drug to be released from the micelles.



